In continuation of our study the in vitro antioxidant activity of some novel quinoxaline derivatives was investigated by 1,1-diphenyl-2-picrylhydrazyl (DPPH) method with respect to ascorbic acid. To determine the antioxidant activity, a number of substituted indoxyls (3A-G), cyclic ketones (2A-G), and quinoxalines (1A-G) were synthesized by both microwave and conventional heating methods. The present findings revealed that some quinoxalines and their precursors (1D, 1F, 1G and 2E) exhibited a marked scavenging effect on DPPH radical.
Introduction
The recent literatures are enriched with progressive findings about the synthesis and antioxidant activity of fused ring heterocyclic compounds 1a . The structural diversity and biological importance of nitrogenous heterocycles are being made them remarkable synthetic targets over the years and they exist in various natural products 1b . Quinoxalines are an important class of nitrogen containing heterocycles with a variety of biological activities. In particular, quinoxalines were found as core units in a number of biologically active compounds. These include anticancer 2,3 antibacterial 4 , antiviral 5 , anti-inflammatory 6 , anti HIV 7, 8 , and antihelmintic activities 9 . Antioxidant compounds play an important role as a health-protecting factor. Scientific evidence suggests that antioxidants reduce the risk for chronic diseases including cancer and heart disease. Primary sources of naturally occurring antioxidants are whole grains, fruits and vegetables [10] [11] [12] . Plant sourced food antioxidants like vitamin C, vitamin E, carotenes, phenolic acids phytate and phytoestrogens have been recognized as having the potential to reduce disease risk 13 . The main characteristic of an antioxidant is its ability to trap free radicals. Highly reactive free radicals and oxygen species are present in biological systems from a wide variety of sources. These free radicals may oxidize nucleic acids, proteins, lipids or DNA and can initiate degenerative disease. Antioxidant compounds like phenolic acids, polyphenols and flavonoids scavenge free radicals such as peroxide, hydroperoxide or lipid peroxyl and thus inhibit the oxidative mechanisms that lead to degenerative diseases. In our eye sight, on the other hand, the natural lens is made of mostly protein and water. As we age, the proteins break down and form clumps that cause the lens to thicken and disrupt our vision. The process occurs slowly, so that, in the early stages, people will not notice vision changes 14, 15 . Someone may need frequent changes in his glasses prescription to maintain clear vision, but in the advanced stages, prescription glasses will not improve. Although antioxidants are versatile in their physiological action they cannot treat or remove cataracts, and these nutrients cannot restore vision from cataract damage. Despite this, antioxidants may help prevent the breakdown of proteins in the lens, and this may help prevent or slow down the growth of cataracts [16] [17] [18] . Therefore, in continuation of our study we synthesized some indole-based quinoxaline compounds, which may function as food supplements, for the test to show any antioxidant activity. Accordingly numerous quinoxaline compounds were synthesized by means of reductive cyclization reaction from their precursors in fairly good yield.
Materials and Methods
Synopsis of the chemical structures of synthesized compounds is shown in scheme 1. 
Anti-Oxidant Potential
It is well known that free radicals cause auto oxidation of unsaturated lipids in food. In addition, antioxidants are known to interrupt the free-radical chain of oxidation and to donate hydrogen from phenolic hydroxy groups, thereby, forming stable free radicals, which do not initiate or propagate further oxidation of lipids 19 . DPPH is a stable free radical containing an odd electron in its structure and usually utilized for detection of the radical scavenging activity in chemical analysis. The aliquot of the different concentrations (5-500 μg/ml) of the test sample is added to 3 ml of a 0.004% ethanolic solution of DPPH. Absorbance at 517 nm is determined after 30 min, and IC 50 (Inhibitory conc. 50%) is also determined. IC 50 value denotes the concentration of sample required to scavenge 50% of the DPPH free radicals. The formula used for % inhibition is as follows: % of inhibition = (blank OD -Sample OD/Blank OD) × 100
Scheme 2

Sampling, screening and IC 50 calculation
At first 5 test tubes were taken to make aliquots of 5 different concentrations level (5, 10, 50, 100 and 500 μg/ml). Tested sample and ascorbic acid were weighed 3 times and dissolved in ethanol to make the required concentrations by dilution technique. DPPH was weighed and dissolved in ethanol to make 0.004% (w/v) solution. To make homogeneous solutions of the tested samples, magnetic stirrer was used. After making the desired concentrations, 2 ml of 0.004% DPPH solution was applied on each test tube by using pipette. The room temperature was recorded and kept the test tubes for 30 minutes in light exposure to complete the reactions. DPPH was also applied on the blank test tubes at the same time where only ethanol was taken as blank. After 30 mins, absorbance of each test tube was determined by UV spectrophotometer. Then % inhibitions were plotted against log concentration of each of the test sample. Then IC 50 was calculated from the graph. The experiment was performed in duplicate and average absorption was noted for each concentration. Ascorbic acid was used as a positive control. Calculated antioxidant data of all the test samples were summarized in Table I . The mechanistic approach-free radical scavenging of antioxidants The 1,1-diphenyl-2-picrylhydrazyl radical has been widely used to evaluate the free radical scavenging capacity of different antioxidants 19, 20 . With this method it is possible to determine the antiradical power of an antioxidant activity by measurement of the decrease in the absorbance of DPPH at 517 nm. Resulting from a color change from purple to yellow the absorbance decreased when the DPPH is scavenged by an antioxidant, through donation of hydrogen to form a stable DPPH molecule. In the radical form this molecule had an absorbance at 517 nm, which disappeared after acceptance of an electron or hydrogen radical from an antioxidant compound to become a stable diamagnetic spin paired molecule. The odd electron in the DPPH free radical gives a strong absorption maximum at 517 nm and is purple in color. The color turns from purple to yellow as the molar absorptivity (optical density) of the DPPH radical at 517 nm reduces from 9660 to 1640 when the odd electron of DPPH radical becomes paired with hydrogen radical from a free radical scavenging antioxidant to form the reduced DPPH-H. The resulting decolorization is stoichiometric with respect to the number of electrons captured.
Results
The chemical transformation of aromatic amines to quinoxalines was successfully carried out under microwave irradiation with shortest reaction times beside classical synthesis. Reaction of aromatic amines with chloral hydrate and hydroxyl amine hydrochloride gives isonitrosoacetanilide 3A-G which in turn reacts with concentrated sulfuric acid followed by reductive cyclization reaction to furnish new heterocyclic ring systems 1A-G. The target molecules were obtained in fairly good to excellent yields (Scheme 1). An important feature of the procedure is the survival of other existing functional groups within the molecules. The structures of the products were characterized using physical methods such as IR, 1 H-NMR and mass spectrometry. The in vitro antioxidant results of different series of synthesized compounds (1A-G, 2A-C, 2E, and 3B-D) with respect to ascorbic acid were reported in Table I . This study reports the antioxidant activity of quinoxaline derivatives and other series of synthesized heterocyclic compounds. Some of the compounds exhibited a marked scavenging effect on DPPH radical. Amongst the synthesized compounds screened for the antioxidant activity, compound 1G showed highest activity with respect to ascorbic acid. Some of the compounds showed moderate antioxidant activities and some were unable to show.
Discussion
As per chemical structural features there were three different types of compounds synthesized under the study area. It is obvious that structural variation brings about the bioactivity and, of course, structural modification on molecules alters the biological activity in a regular trend 19, 20 . Without exception this has been reflected in the case of our targeted compounds quinoxalines (1A-G), which showed upward tendency of antioxidant activity compared to their precursors such as isatins and oximinoacetanilides. It is presumably due to the higher reducing potential of tetracyclic fused ring system polyaza compounds. On the other hand, isatins (2A-E) and their precursors (3B-D) showed irregular trend in their antioxidant activity. Compound 1A-G especially 1G was attuned to show greater antioxidant potency. As it mentioned earlier that the antioxidant efficacy of any compound depends strongly on its reducing property and hence quinoxalines 1A-G might have the higher reducing potential. Compounds 1A-G have shown greater propensity in showing antioxidant potency because of their structural and high nitrogen percentage. Although we don't have the exact clarification with regard to their comparatively better antioxidant potency, we have some logical arguments in favor of the fact. Actually, the triaza-part of the fused ring system would be responsible for initiate the free radical scavenging activity due to its N-H moieties. It is thought that the halide or alkyl groups in different position in the aromatic moieties have electron releasing affinity, which enhanced the reducing potential of the N-H bond through intervening aromatic system in case of the most compound of quinoxalines than their precursors. Due to such structural advantage in compound 1A-G would have higher aptitude to trap radical in a faster rate than the other similar type of molecules. This finding is about the structural variation-differs mainly about the functionality from lactam to quinoxalines. The marked difference of the current study from the previous published work is about the variation of the structural moiety and molecular functionality. When an extension of the ring system is being carried out in getting quinoxalines it facilitates having high percentage of nitrogen within the system. Consequently this class of compounds show marked difference in free radical scavenging potency. Therefore, the strategies in designing and synthesis of indole based compounds and the consequent in vivo screening of those should be the main objective of further investigations. This would lead to the synthesis of short listed target molecules of the active metabolites with potent antioxidant activity.
